Purpose: Symptomatic benign prostatic hypertrophy greater than 70 cc used to be treated by invasive procedures. Holmium laser enucleation of prostate (HoLEP) and laparoscopic transcapsular prostatectomy (LTP) are two techniques whose efficacy has been demonstrated compared to standard onesmore invasive standard procedures. The objective was to evaluate and compare perioperative results from these two techniques for the treatment of benign prostatic hypertrophy greater than 70 cc. Methods: This was a non-randomized retrospective study comparing the HoLEP technique with LTP. From January 2012 to January 2015, 39 patients had HoLEP and 28 had LTP. Perioperative outcomes, complications, and functional results at 3 months were compared. A chi-2 squared test and Student's t test were used for statistical analysis. Results: In multivariate analysis, there was a statistically significant difference in favor of HoLEP for the duration of catheterization (1.9 vs. 3.7 days; p = 0.004) and the average length of stay (2.8 vs. 4.0 days, p = 0.010). There was a trend towards a greater decrease in postoperative hemoglobin levels in LTP (138 vs. 218 g/l; p = 0.082), which was statistically significant in univariate analysis (p = Arnaud Baldini Edouard Herriot Hospital, Urology 5 place d'Arsonval FR-69003,
Introduction
Benign prostatic hypertrophy (BPH) affects more than 80% of men over 60 years old. It is a benign disease which can lead to significant impairment in the quality of life, requiring treatment and/or surgery [1] .
The current standard treatment for complicated or drug treatment-resistant BPH is endoscopic resection of the prostate for prostates less than 70-80 g, and prostatectomy via open surgery for those over 70-80 g [2] .
The holmium laser enucleation of the prostate (Ho-LEP) technique is a new endoscopic technique for treatment of BPH, initially described by Gilling in 1996 [3] . In addition to its minimally invasive nature, this tech-0.033). Other endpoints were not significant, particularly the enucleated prostate volume compared to the total prostate volume (61.8 vs. 68.4%; p = 0.319) and postoperative complications. Conclusion: There was no increased morbidity for LTP compared to the HoLEP technique. However, the HoLEP technique appeared to be a less invasive technique, reducing the duration of catheterization, blood loss, and the average length of stay while maintaining good efficacy for the enucleated prostate volume.
Baldini/Fassi-Fehri/Duarte/Crouzet/ Ecochard/Abid/Martin/Badet/Colombel nique can treat prostates without volume limitation, with satisfactory and beneficial results, comparable to standard techniques [4] .
The renewed interest in prostate enucleation techniques and mastery of laparoscopic radical prostatectomy has led some teams to carry out laparoscopic transcapsular prostatectomy (LTP) using the Millin approach [5], a technique described for the first time by Mariano et al. [6] in 2002.
The use of the da Vinci robot has also been reported for carrying out transcapsular enucleations using the Millin approach [7] . The advantage of laparoscopic surgery is to reproduce open enucleation, whose long-term benefits are known, while minimizing perioperative morbidity.
The purpose of this study was to compare the perioperative results of two minimally invasive techniques for prostatic enucleation performed in patients with lower urinary tract symptoms (LUTS) associated with BPH greater than 70 g: HoLEP versus LTP.
Materials and Methods

Population and Methods
This was a monocentric retrospective observational study comparing the HoLEP technique with LTP. It included patients with symptomatic BPH greater than 70 cc, complicated or resistant to medical treatment, operated on between January 2012 and January 2015.
The preoperative assessment of patients included a history, digital rectal examination, PSA assay, a validated IPSS-QOL questionnaire, uroflowmetry with measurement of post-void residual, and a laboratory test for measurement of the hemoglobin (Hb) level. The total prostate volume was measured by a radiologist with endo-rectal ultrasound.
The perioperative characteristics were noted [operative time, prostatic weight, duration of catheterization, and average length of stay (ALOS)]. The blood loss was recorded (except with HoLEP, for which we were not able to analyze the loss). All patients had Hb levels measured postoperatively on day 1, and the Hb variation was calculated for each patient (pre-and post-operative difference in Hb).
Early postoperative complications (≤ 3 months postoperatively) were recorded and classified according to the Clavien classification [8] .
Patients were seen in consultation at three months, with prostatic functional assessment (clinical examination, PSA, IPSS-QOL, uroflowmetry, and measurement of post-void residual).
Surgical Procedure
Prostatic laser enucleation was performed according to the Ho-LEP technique originally described by Gilling [3] , using a 100 watt Holmium laser. Enucleation is a cystoscopic surgical procedure which needs a holmium laser generator, a specific fiber, and a morcellator. This procedure was performed by a single operator having mastered the learning curve. The enucleated prostate lobes were then morcellated and recovered for histological analysis.
LTP was performed via the peritoneal route, using 3 trocars in addition to the optical trocar (1 of 10 mm and 2 of 5 mm). The prostatic capsule was incised transversely, and the cleavage plane of the prostate opened in all planes to allow enucleation. The initial capsular vein ligation time was not necessary, due to This procedure was performed by a single operator experienced in laparoscopy.
Whichever procedure was done, a 20 or 22 Fr urinary catheter was left in place at the end of the procedure with continuous irrigation. The urinary catheter was removed the day after the stop of bladder irrigation.
Statistical Analysis
The statistical analysis was based on the comparison of the HoLEP and LTP groups. The qualitative values comparison was performed by the Chi-squared test, and the quantitative values by Student's t test.
A second analysis was performed using a propensity score to correct the effect of non-randomization. Five groups of patients were created, with equal probability in each group to have either the HoLEP or laparoscopic technique. The scores were adjusted for age, American Society of Anesthesiologists (ASA) score, the presence of platelet aggregation inhibitors or anticoagulants, and initial total prostate volume.
Comparison between the HoLEP technique and LTP could result in differences due to patients' characteristics, for example, the choice of technique may be affected by age, ASA score, the presence of platelet aggregation inhibitors or anticoagulants, or initial total prostate volume. Thus, we first used a logistic regression to predict treatment allocation. Then, we classified the patients in 5 categories of increasing values or predicted probability to receive HoLEP. The comparisons were then adjusted for these classes. This method is the so called propensity score method, known to partially protect against indication bias. The low number of subjects in our study is a limitation but did not prevent its utilization.
Results
A total of 67 patients were included, 39 in the Ho-LEP group and 28 in the LTP group. The 2 groups were comparable in terms of age, ASA score, treatment with platelet aggregation inhibitors or anticoagulants, voiding scores (IPSS-QOL, uroflowmetry, post-void residual), and preoperative hemoglobin. The initial total prostate volume was significantly greater in the LTP group (table  1) .
No conversion from LTP and HoLEP to open surgery or transurethral resection of the prostate was necessary.
In multivariate analysis, there was a statistically significant difference in favor of the HoLEP group for the duration of catheterization (1.9 vs. 3.7 days; p = 0.004) and the ALOS (2.8 vs. 4.0 days, p = 0.01). There was a trend towards a greater decrease in postoperative hemoglobin levels in the LTP group (138 vs. 218 g/l; p = 0.082), which was statistically significant in univariate analysis (p = 0.033). The operative time (106.6 vs. 115.0 min, p = 0.974) and the enucleated volume of the total prostate volume (61.8 vs. 68.4%; p = 0.319) were not statistically significant in both univariate and multivariate analysis (table 2) .
The comparison of postoperative complications was not statistically significant (p > 0.05) for all criteria studied, including the transfusion rate [3 (7.7%) vs. 1 (3.6%)], the rate of surgical revision, or readmission rates (table 3) .
No patient was lost to follow-up. At 3 months postoperatively, the Qmax was lower and the IPSS score higher in the HoLEP group, but without significant difference. The PSA level was significantly lower in the LTP group (2.5 vs. 0.6 ng/ml; p = 0.024) (table 4). As far as the post-operative complications were concerned, 8 patients (20.5%) described urgenturia and pollakiuria with or without incontinence in the HoLEP group, versus 2 patients (7.1%) in the LTP group. HoLEP = Holmium laser enucleation of the prostate; LTP = laparoscopic transcapsular prostatectomy; ALOS = average length of stay; TPV = total prostatic volume; Hb = hemoglobin; SEM = standard error of the mean. HoLEP and LTP have been the subjects of several comparative studies, each demonstrating their benefit compared to open prostatectomy by allowing shorter durations of catheterization and hospital stays, and a reduction in bleeding and perioperative transfusions compared to open surgery [12] [13] [14] [15] .
This study is the second to our knowledge comparing perioperative results of these 2 minimally invasive prostatic enucleation techniques, the endoscopic one performed with the holmium laser and the other, a surgical one, via the laparoscopic approach. Indeed, a Spanish study has recently shown the same results comparing the 2 procedures [12] .
Learning Curve
Both of these techniques have learning difficulties in common. In this study, the procedures were done by 2 experienced operators in order to reduce the biases related to the learning curve. HoLEP requires an expertise with more than 20 patients, given the difficulty of enucleation and the operative time [13, 14] , while expertise with at least 10 patients for LTP has been demonstrated sufficient [15] . No conversion to prostatic endoscopic resection in the HoLEP group or to open surgery in the LTP group was observed. Also, operative times were equivalent, with similar efficacy, since the percentage of resected tissue was comparable in both groups (61.8 vs. 68.4%).
Morbidity
One of the main objectives in the development of a minimally invasive technique is to reduce perioperative morbidity for a functional surgery that involves elderly patients who often have associated comorbidities. In particular, the hemorrhagic risk from prostatic surgery may lead to cardiac complications, as shown by some studies [16] [17] [18] [19] . In this study, only one patient in the HoLEP group had grade IIIb complications according to Clavien, with need for a surgical revision for bladder clot removal. We found no ischemic or thromboembolic cardiac events in our series, with a low overall perioperative complication rate, comparable to data from the literature . Despite a trend towards a greater decrease in Hb in the LTP group, only one patient required a transfusion in this group. In the 3 patients transfused after HoLEP, 2 were due to a decreased preoperative Hb (< 100 g/l), and 1 due to postoperative bleeding with bladder clot formation in a patient on anticoagulant therapy. The second objective of minimally-invasive treatments for BPH is to reduce times for catheterization and hospitalization. In this study, laser enucleation would appear to be the less invasive of the two, through its endoscopic approach, its lesser catheterization time and average length of stay, and lower hemoglobin decrease, for an equivalent complication rate. Studies have reported encouraging results for the HoLEP technique in ambulatory surgery [20] , which has not been described with the LTP technique. Reducing urinary catheterization in the HoLEP technique seems to be feasible contrary to LTP, which requires a minimal duration of healing.
Patients treated by HoLEP described more urgenturia and pollakiuria than the LTP group, with or without incontinence. These kinds of symptoms decrease with time, and a longer follow up is recommended to correctly analyze hyperactive syndrome complications.
Functional Results
The functional results at 3 months were better in the LTP group, in agreement with data from the literature [21, 22] . In fact, we noted a significantly lower IPSS score at 3 months in the group of patients treated laparoscopically, while uroflowmetry was substantially equivalent in both groups. This difference was probably due to a slower decline of voiding problems in the storage phase in the HoLEP group. These irritative voiding symptoms may be increased by the laser energy delivered on contact with the prostatic capsule during endoscopic enucleation. Similarly, the higher PSA observed in patients operated on with the laser could be explained by the persistence of residual prostatic tissue, but also by the laser energy delivered during treatment. Further studies are needed to validate these assumptions.
Economic Impact
The economic impact of these 2 techniques has not been evaluated. Nevertheless, LTP has the advantage of having equipment already available for those who perform radical laparoscopic prostatectomies. The HoLEP technique involves the purchase of a holmium laser generator and a morcellator, which requires an initial investment, but can be used in lithiasis surgery as well as in prostate surgery. It is likely that this initial extra cost would be quickly offset by gains from the significant reduction in the length of stay of patients operated on by this technique. Juaneda et al. [12] explained in their study that the cost utility analysis for HoLEP per case was 2,589 euros versus 4,706 euros per laparoscopic case. Moreover, the hospitalization cost of HoLEP was 9.6% less than for open prostatectomy thanks to the length of postoperative hospital stay, and despite of the cost of equipment and operative time [23] .
Limitations
This observational study has several limitations. Due to the retrospective design, some parameters were not collected that may have influenced clinical decisionmaking, such as IPSS or Qmax. As it was a monocentric study, we collected data from a long period in order to provide appropriate analyses. As the numbers of analyzed patients was small and the groups were heterogeneous, our retrospective study can only be regarded as hypothesis-generating, but not as definitive.
Conclusion
In this preliminary study, there was no increased morbidity for LTP compared to the HoLEP technique. However, the HoLEP technique appeared to be a less invasive technique, reducing blood loss and hospital stay while maintaining good efficacy on the enucleated prostate volume. Prospective randomized medico-economic studies are needed to better assess the role of these two techniques in the therapeutic arsenal, and in particular to clarify their impact on the recovery of patient activity.
